INTRODUCTION
B efore 2010, the outlook for the endangered Kemp's ridley (Lepidochelys kempii) recovery was promising, due in large part to the conservation efforts of 1) Mexico's Instituto Nacional de Investigaciones Biologico-Pesqueras and Instituto Nacional de Pesca during 1966-77 and 2) the efforts of the Mexico-U.S. Kemp's Ridley Restoration and Enhancement Program from 1978 to the present. In 1966, the Kemp's ridley was near extinction, but by 1986 additions to the population began to exceed losses, and population growth ensued. The Bi-National Recovery Plan for the Kemp's ridley sea turtle (NMFS et al., 2011) predicted that the population would grow during 2010-20 at a rate of 19% per year, assuming survival rates of all life stages remained constant. NMFS et al. (2011) also projected that the down-listing criteria of 10,000 nesting females in a single season would be attained by 2011, and that the delisting criteria might be attained by 2024. However, survival rates did not remain constant and the number of nests declined by 35% in 2010.
The Deepwater Horizon (DWH) oil spill, beginning on 20 April 2010, was documented to have interacted with Kemp's ridley as well as other sea turtles. The 2010 spill also corresponded with an unprecedented surge in sea-turtle strandings in the northern Gulf of Mexico, especially in Alabama, Mississippi, and Louisiana-the areas most affected by the spill (Crowder and Heppell, 2011; Caillouet, 2014) . In addition, nesting at the key Kemp's ridley index nesting beaches in Tamaulipas, Mexico, where over 95% of the nesting of this species occurs (e.g., Marquez-M., 1994) , dropped approximately 35% in 2010 as compared with 2009 (Caillouet, 2010 (Caillouet, , 2014 Crowder and Heppell, 2011; Gallaway et al., 2016) . These were disturbing developments for the Kemp's ridley sea turtle.
The concern about the 2010 decline, the increased levels of strandings that have occurred since 2010, and the uncertainty regarding the causal factors of these events (i.e., shrimp trawling mortality was also suggested as a potential cause along with the spill and remedial responses to the spill) motivated the development of a Kemp's Ridley stock assessment model (KRSAM) to predict annual, postpelagic female population size and mortality in the Gulf of Mexico (Gallaway et al., 2016) . The KRSAM is a population dynamics synthesis model that integrates historical Kemp's ridley data from multi-ple sources, including shrimp trawl effort to provide estimates of shrimp trawl mortality. The KRSAM was able to obtain excellent fits to the nest index data available for 1966 through 2012. The predicted trend was an exponential increase, with the exception of a 2010 mortality event. Projections for 2013 through 2015 reflect a continued increase in the number of nests (Fig.  1) . However, the actual number of nests observed in 2013 fell below the 95% confidence interval for the predicted value (calculated following Morris and Doak, 2003) , even for the projection scenario having the smallest rate of increase (Fig. 1) . The KRSAM is not consistent with either the actual 2013 observation or the preliminary observation for 2014 (Peña, 2014) . These observations led us to evaluate other hypotheses that might produce more realistic model behavior. In particular, density-dependent mechanisms for 1) turtles entering the benthic life-history stage and 2) the number of nests per adult female were explored along with a model adjusted to include a new mortality factor. In this paper, we describe some alternative models that were fit to the 1966 through 2013 data including 1) the current KRSAM or base model, 2) the KRSAM modified with an additional density-independent mortality factor for all life stages from 2010 through 2013, 3) the KRSAM with Beverton-Holt recruitment to the benthic stage, 4) the KRSAM with a hockey-stick recruitment to the benthic stage, 5) the KRSAM with a Ricker recruitment to the benthic stage, and 6) the KRSAM modified with the number of nests per adult female dependent on the size of the benthic population.
METHODS
The conventional annual nest index (number of nests observed at Rancho Nuevo, Tepehaujes and Playa Dos at Barra del Tordo beaches combined) and subsequent hatchlings produced are listed in Table 1 for 1966 through 2014. The 2014 nest index was a preliminary estimate as of 5 August 2014, and hatchling data were not available for 2013 and 2014. The penaeid shrimp effort data (nominal net days fished) and habitat-weighted net days scaled to the historical mean in U.S. waters in the Gulf of Mexico for 1966 through 2013 are listed in Table 2 . The methodology for weighting the effort for habitat importance to the Kemp's ridley turtle is given by Gallaway et al. (2016) . New observations for strandings or mark-recapture of Kemp's ridleys were not available.
Since the 2014 nesting index was a preliminary estimate and the 2014 shrimp effort data were not yet available, we mostly confined the analysis to data for 1966 through 2013. We follow the KRSAM specification and notation provided by Gallaway et al. (2016) and, in this paper, only detail the equations that were altered to generate the alternative models. We first fit the KRSAM without any model alterations for comparison with the densitydependent scenarios. Next, for comparative purposes, we replaced the 2010 mortality event by an additional density-independent instantaneous mortality (M add ) from 2010 through 2013; thus, Equation 16 in Gallaway et al. (2016) was altered:
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where all terms in Equation 16 are instantaneous, Z ya is the total mortality during year y for age a turtles, Z p is total mortality for the pelagic stage (ages 0 and 1), M a is natural mortality, F ya is incidental fishing mortality from shrimp trawls, and X TED is a multiplier ( 1.0) representing the impact of turtle exclusion devices (TEDs) commencing in year y TED . Note that y ! 45 references 2010 and later.
The current KRSAM assumes that any densitydependent mechanisms occur before the hatchlings enter the water. In other words, any densitydependent mortality would be subsumed in the hatchling estimates. Density-dependent mechanisms posthatching might also occur during the pelagic stage where mortality (Z p in Eq. 16) and the number of age-0 turtles entering the population are replaced with a stock recruitment function with the number of turtles recruited to the benthic stage (end of age 1) as a function of hatchlings 2 yr earlier. Equation 17 was replaced with three alternative stock-recruitment functions:
where,H y ¼H Cy r C þH Iy r I ;
and whereH y is the number of female hatchings produced in year y,H Cy, andH Iy are the annual numbers of corral-plus-box and in situ hatchlings entering the water each year, and r C and r I are annual proportions of hatchlings that are females, respectively. Each of the recruitment functions has two associated fundamental parameters: a BH and b BH for Beverton-Holt; a HS and H * for hockey stick; and a R and b R for Ricker. The Beverton-Holt curve assumes that the rate of natural mortality for all age classes is a linear function of density (hatchlings). The hockey-stick function assumes density-independent mortality but with limited available habitat space for individuals. The Ricker curve exhibits decreased recruitment at high hatchling levels (overcompensation) possibly caused by disease transmission, habitat destruction, predation response, or competition between juveniles (e.g., age 0 vs age 1).
Density-dependent mortality for benthic-stage Kemp's ridley sea turtles is considered unlikely because they have broad spatial distribution, they have few predators, and they are opportunistic feeders. Marquez-M. (1994) notes that Kemp's ridley turtles have the ability to fast for long periods of time, and that a juvenile refused food for 150 d before dying. However, food resources can affect the remigration interval and the number of nests laid by a breeding female (Hayes, 2000) . KRSAM currently represents the number of nests per adult female (ratio of nests laid per breeding female and remigration interval) as a known constant set at 1.25. Here, we portray the number of nests per adult female produced in year y, n My , as dependent on the size of the benthic population through a logistic decay function. We replaced Equation 22 in Gallaway et al. (2016) with two equations: 
where n M is the assumed known mean number of nests per adult female (a constant set at 1.25), r 50 is the number of hatchlings when n My is 50% of maximum, and r sl is the slope at r 50 (r 50 and r sl are fundamental parameters that were estimated). We then calculated the number of mature females in the population by year, P y , as the sum of the products of the population size and proportion mature by age, i.e.,
where G a is the assumed known proportion mature by age a. We fit the six alternative models to the data following Gallaway et al. (2016) . All of the models included a 2010 mortality event as part of the base model. We used Akaike's information criterion adjusted for sample size (QAIC) to evaluate model fit following Burnham and Anderson (2002) . We assumed an effective sample size of 36 from the nest years used to fit the model. Because additional data (length frequency of strandings and growth data) were used (see Gallaway et al., 2016) , the assumed effective sample size was conservative, with the consequence that inferences of differences between models were conservative.
We report the parameter estimates for the model with the best fit in this paper along with associated standard errors, total annual deaths, annual deaths from shrimp trawling, annual population estimates by age class, predicted annual instantaneous mortality from shrimp trawling, predicted annual instantaneous total mortality, and terminal (2013) population estimates with 95% confidence intervals. We also use this model to make projections for 2014 through 2016. Hatchlings for 2013 and 2014 (required for the 2015 and 2016 projections) were estimated from the number of observed nests using the maximum number of nests to be protected in corrals, number of eggs per nest, and survival rates adopted by NMFS et al. (2011) for the purpose of making projections.
RESULTS
The best-fitting model was the density-dependent nests per adult female, with 79% of the total QAIC weight, followed by the model with additional mortality post-2009 [21% of total QAIC weight (Table 3) ]. The remaining four models were very distant on the basis of QAIC. Only the results for the best-fitting model are discussed further.
Predictions for the density-dependent nestsper-adult-female model compared with the observed number of nests along with the log residuals vs the predicted number of nests (residual plot) are shown in Figure 2 . Residuals were homogeneous and there did not appear to be a readily apparent trend consistent with the assumed log-normal sampling distribution. The predicted logistic decay curve is shown in Figure  3 . Note that only the last 2 yr (2012 and 2013) affected the number of nests per adult female.
The parameter and terminal 2013 population estimates with the associated standard errors for the density-dependent nests-per-adult-female model are listed in Table 4 . Instantaneous fishing mortality by year for ages 2 to 4 and ages 5þ is shown by Figure 4 , panel A. A significant mortality drop occurred in 1990 when the TED multiplier was applied. Panel B of Figure 4 plots instantaneous total mortality by year for age 2, age 5, and age-class 14þ. Each age has a different mortality profile because natural mortality is a monotonically decreasing function of age. Mortalities summed over ages 2þ and 5þ assigned to shrimp trawls and from all sources are plotted in Figure 4 , panels C and D, respectively. The increasing trend in mortalities over time was caused by the increasing population. The mortalities assigned to shrimp trawls in comparison with total mortalities for the period 1980 to 2013 are listed in Table 5 . The major factors that influence the percent mortality from shrimp trawls were directed shrimping effort, TEDs commencing in 1990, and the 2010 mortality event. In 2010, there was a total estimate of 61,330 deaths. Of these, 2,945 can be attributed to shrimp trawl mortality and 11,744 were due to natural mortality. The balance, 46,642, is attributable to anthropogenic causes other than 
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GULF OF MEXICO SCIENCE, 2016, VOL. 33(2) shrimping. In the absence of other information, we believe this constitutes the best estimate of the impact of the DWH oil spill on the Kemp's ridley sea turtle in 2010. The population sizes by year and age class are shown in Figure 5 , partitioned into two panels (ages 2 to 8 and ages 9 to 14þ) because of the substantial difference in population scale over the age classes. Terminal (2013) population estimates summed over ages 2 to 4 and ages 2þ, 5þ, and 9þ with the associated 95% confidence intervals are plotted in Figure 6 (also see Table 4 ). The density-dependent nests-per-adult-female model (see Table 4 ) projections for 2014 through 2016 are displayed in Figure 7 . The preliminary 2014 nest index is also plotted for reference. Note that the density-dependent model projection captured the 2014 decline in the nest index.
DISCUSSION
The best model included estimates of shrimp trawl mortality, a ''mortality event'' in 2010, and a density-dependent factor where nests per adult female was a function of the age-2þ total population size. Although the timing of the mortality event corresponds with the occurrence of the DWH oil spill, the spill did not start until 20 April 2010. Typically, most of the reproductively active female Kemp's ridleys in the area of the spill would have already migrated out of the area by the time the spill occurred. However, winter/spring seawater temperatures for 2010 in the northern Gulf Kemp's ridley foraging grounds were among the coldest on record (Fig. 8, panel A) . The cold winter/spring of 2010 was associated with a delay in the nesting season (Fig. 8, panel B) , and long-term analyses of nesting trends show a significant correlation of the timing of the start of the nesting season with ambient temperatures in the foraging area (Elizabeth Bevan, unpubl. data). A plausible explanation resulting from these observations is that the cold temperature in the Kemp's ridley foraging grounds in 2010 caused a delay in that year's migration to nesting beaches in Texas and Mexico and resulted in exposure to the DWH oil spill and a mortality event.
The occurrence of a large mortality event in 2010 cannot capture the sudden decline of Kemp's ridley nests that was estimated in 2013. However, the 2013 decline in nest numbers and further decline in 2014 are coincidental with the predicted increase in the benthic population. A possible explanation is that the nests-per-femaleper-year index is decreasing because the age-2þ population size has reached a threshold where it now takes a longer time to acquire sufficient energy reserves to support new egg production and nesting migrations than was typical at smaller population levels. This increase in remigration interval would be expected to continue to increase until some equilibrium level is reached.
The concept that variation in remigration intervals of female turtles may lead to interannual changes in the numbers of females nesting is not new, dating from Carr and Carr (1970) . This concept was also addressed by Carr (1975) , Carr et al. (1978) , and Bjorndal et al. (1999) . Hayes (2000) demonstrated that interannual variability in feeding conditions changed the remigration rate of individuals, and dramatically affects the number of turtles nesting in different (2013) population estimates with the 95% confidence interval for ages 2-4, ages 2þ, ages 5þ and ages 9þ (see Table 3 ).
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GULF OF MEXICO SCIENCE, 2016, VOL. 33(2) years. Remigration intervals of several years suggest that sea turtles must attain some threshold body condition before migration. As noted by Hayes (2000) : ''Short of this threshold, turtles might not migrate either (a) because they have insufficient energy reserves to complete the migration or (b) they have insufficient energy reserves to lay several clutches and hence their transport costs per clutch will be high.'' He observed that body condition of individuals on the feeding grounds might be viewed as ranging from 0 (a turtle that has just completed its nesting migration) to 1 (the threshold above which the turtle migrates to nest). Under this concept, the body condition will increase between these levels while the individual is on the feeding grounds, and the rate of increase over time will determine the remigration interval. When the increase in body condition is more gradual, the remigration interval will be longer (Hayes 2000) . Unfortunately, there are no data on Kemp's ridley female condition on foraging grounds, and remigration intervals have not been calculated in Mexico since the early 1990s. Additional research is needed to evaluate the hypothesis of a reduction in reproductive output and its causes.
We suggest that there has been a recent change in the ability of Kemp's ridley to attain a body condition necessary for remigration and reproduction due to a combination of reduced food supply and an increasing population of neritic-stage sea turtles in the northern Gulf of Mexico feeding grounds. The estimated increase in neritic-stage female Kemp's ridleys from a few thousand in 1979 to over 177,000 in 2013 (see Fig. 5 , Table 4 ), and many other sources of information, leaves little doubt that the population has substantially increased. As outlined below, we believe it is equally clear that prey resources have declined.
It is generally accepted that the Kemp's ridley feeds primarily on an array of crab species, especially portunid crabs. Dobie et al. (1961) observed that the primary prey of the Kemp's ridleys was portunid crabs, and both Hildebrand (1981) and Ogren (1989) pointed out that the distribution of the Kemp's ridley was frequently correlated with areas having high abundance of crabs. Shaver (1991) provided a comprehensive analysis of the diets of both wild and head-started Kemp's ridleys. For neritic-stage, wild subadult, and adult Kemp's ridleys, she observed that crabs had been consumed by over 75% of the turtles examined and that crabs comprised over 90% of the dry weight of the gut contents. NMFS et al. (2011) summed up the importance of crabs in the Kemp's ridley diet, stating, ''Nearly every Kemp's ridley stomach and fecal sample examined to date from the U.S. Atlantic and Gulf of Mexico has included crabs. Therefore, crabs constitute the bulk of their diet. '' Owens (unpubl. data) reported that Kemp's ridleys also appeared to feed on shrimp trawl bycatch on the basis of finding fish and the gastropod scavenger, Nassarius sp., which feeds on dead fish, in the guts of the Kemp's ridleys he necropsied. His opinion was that Kemp's ridleys could not normally catch fish, and that the turtles were feeding on shrimp trawl discards. Shaver (1991) also noted that wild, subadult, and adult Kemp's ridleys fed on fish and shrimp in addition to crabs. She noted that both the fish and shrimp were likely dead when eaten and were probably shrimp trawl discards. Manzella and Williams (1992) observed that fish, crabs, and the gastropod scavenger Nassarius sp. were the most frequent food items found in the guts of 49 stranded Kemp's ridleys necropsied during 1986-89. Cannon (1998) confirmed that fish were an important part of the Kemp's ridley diet on the basis of necropsy results obtained in 1994. She also believed the fish were dead when consumed, and that they were likely shrimp trawl discards. Additionally, she cited a 1993 personal communication from James Carpenter (NMFS Galveston Laboratory) that Kemp's ridleys had been observed following shrimp boats and feeding on discarded bycatch. Shrimp trawl bycatch, mostly fish discarded at sea, appear to have become an important part of the diet of Kemp's ridleys in the northern Gulf of Mexico feeding grounds.
Above, we have made the case that crabs and fish discards from shrimp trawling are important food sources for neritic-stage Kemp's ridleys. One of the important crab species in the diet of Kemp's ridleys is the blue crab, Callinectes sapidus. This species supports an important nearshore fishery throughout the Gulf and was the subject of a recent stock assessment (VanderKooy 2013). Two stocks are represented in the Gulf, a western stock occurring from central Texas to Apalachicola Bay and centered in Louisiana and an eastern stock extending from South Florida to Apalochee and centered in Tampa Bay. Of these, the western stock corresponds to the major Kemp's ridley feeding grounds in the northern Gulf. Each of these stocks is also divided into juvenile and adult stock components. Juveniles are classified as specimens collected from October to March that are 80 mm carapace width (CW). Adults are defined as specimens !125 mm CW collected during April-September. As defined, adult crabs are the stock component of most importance as a food of Kemp's ridleys.
The western stock of adult blue crab underwent a pronounced decline from the mid-1980s to about 1995, and the stock has been relatively stable at low levels since the mid-1990s. (VanderKooy 2013; Fig. 9 panel A) . The causes of the decline in adult blue crab abundance are unclear. The stock is not presently overfished or undergoing overfishing, although it is in a depressed state. Potential causes of the blue crab decline include reductions in freshwater inflow, coastal wetland losses in the Gulf of Mexico (Stedman and Dahl, 2008) , and step increases in the spatial extent of the hypoxic zone, dating from the mid-1990s. Whatever the cause, the western blue crab stock has been depressed since the mid-1990s. Shrimp fishing effort in the inshore zone and the 0-to 10-fathom-deep nearshore zone (an index to shrimp trawl bycatch discards in prime Kemp's ridley feeding grounds in the northern Gulf of Mexico) remained high until about 2000, when it began to decline. By 2005, nearshore shrimp effort had bottomed out at a much reduced level (Fig. 9, panel B) . Since 2005, shrimp effort (and presumably discards) has remained low. Therefore, two important food sources of the Kemp's ridley have been greatly reduced since 2005.
The Kemp's ridley sea turtle was steadily increasing from the mid-1980s to the early tomid-2000s, but the rate of population increase accelerated greatly from that point (Fig. 9, panel  C) . During this later period of population increase, blue crab and shrimp trawl bycatch (indexed by effort levels) had both dropped to low levels. We believe it is reasonable to infer that these reduced prey resources coupled with an increase in the number of Kemp's ridleys might be sufficient to change the remigration interval or the number of nests or eggs produced within a year. This provides a possible explanation for the recent (2013 and 2014) reductions in the number of nests, which have been far below what was predicted. The number of Kemp's ridley nests may be highly variable in the future, with large nesting events following good feeding conditions on the foraging grounds. On average, it may take longer for turtles to reach a body condition threshold enabling migration and reproduction than has been the case in the recent past.
Empirical data enabling an assessment of potential changes in the remigration interval are available from mark-recapture studies conducted on Kemp's ridleys that nest in Texas (Shaver et al., 2016, this issue) . Over the period 2008 to 2014, mean annual remigration of Kemp's ridleys on North Padre Island increased steadily from 1.9 yr in 2008 to 3.3 yr in 2014 (Shaver et al., 2016) . Subsequent data for 2015 suggest a mean remigration interval of 3.5 yr (Donna Shaver, pers. comm.) . Additionally, Donna Shaver (pers. comm.) has recently verified that a female Kemp's ridley that nested in 2011 and was monitored since that time by satellite telemetry has remained in the foraging grounds for more than 4 yr and has yet to return to the nesting grounds. Similar observations have been made on South Padre Island. Thirteen Kemp's ridleys were tagged in 2010. Of these, seven were observed nesting again on South Padre Island, six in 2012 (2-yr remigration interval) and 1 in 2014 (4-yr remigration interval) (Jeff George, pers. comm.) . In 2011, 15 nesting Kemp's ridleys were tagged on South Padre Island and five of these have been observed nesting again, all in 2015, which reflects a 4-yr remigration interval (Jeff George, pers. comm.). These available estimates of the remigration interval for Kemp's ridleys are all subject to a potential bias that might result from individuals nesting outside the study area or not observed during some years. If this occurred, it would result in inflated estimates of the remigration interval. Despite the potential bias, these data do support the premise that there has been a recent increase in the remigration interval, at least for some of the Kemp's ridleys that nest in Texas.
Caillouet (2014) has provided another explanation for the post-2010 decline in the number of Kemp's ridley nests-the DWH oil spill or some other factor resulted in a fundamental reduction in numbers of subadults and adults between the end of the nesting seasons in 2009 and 2010, and this reduction had profound effects on the number of nesting Kemp's ridleys, nests, eggs, and hatchlings in 2010 and beyond. He believes that losses of adults and subadults are a more likely explanation for the recent decline in the number of nests.
To resolve these issues will require a continuation of the index nesting beach studies (which have not been funded for 2016 and beyond) and additional in-water research to verify population levels and age structure, body condition of female Kemp's ridley sea turtles, remigration interval, and nesting frequency. Fitness of females in the post-oil spill era is a question of major concern and can be influenced by factors other than prey resources.
